Abstract: The tensile properties of chemically treated jute fiber reinforced polyethylene/clay nanocomposites were investigated. Nanocomposites were prepared using hot press moulding technique by varying jute fiber loading (5, 10, 15 and 20 wt%) for both treated and untreated fibers. Raw jute fibers were chemically treated with benzene diazonium salt to increase their compatibility with the polyethylene matrix. Physical and mechanical properties were subsequently characterized. Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM) analysis was utilized to study physical properties. Tensile test was conducted for mechanical characterization. FTIR and SEM study showed interfacial interaction among jute fiber, polyethylene and nanoclay. It was observed that at optimum fiber content (15 wt%), treated composites exhibited improvements in tensile strength and modulus by approximately 20 % and 37 % respectively over the raw ones. On the other hand, this composite exhibited improvements in tensile strength and modulus by approximately 8 % and 15 % respectively over the composites without nanoclay. However, treated jute fiber reinforced composites showed better tensile properties compared with untreated ones and also nanoclay incorporated composites enhanced higher tensile properties compared without nanoclay ones.
Introduction
As a result of the increasing demand for environmentally friendly materials and the desire to reduce the cost of outdated fibers, many natural fiber composites have been developed [1, 2] . Natural fibers such as banana, cotton, coir, sisal, and jute have attracted the attention of scientists and technologists for applications in consumer goods, low-cost housing, and other civil structures [3] . Jute performs relatively better properties among the others natural fibers because of it are relatively inexpensive and commercially available in a required form. It has higher strength and modulus than plastic [4] and is a good substitute for conventional fibers in many applications and has been applied as reinforcement to eco-composites and bio-composites. The compositions of jute fibers include mainly cellulose (45.0-71.5 wt%), hemicelluloses (13.6-21.0 wt%), and lignin (12.0-26.0 wt%) [5] . The elementary units of cellulose macromolecules are anhydro-d-glucose which contains three hydroxyls (-OH) [6] . These hydroxyls form the hydrogen bonds inside the macromolecule itself (intramolecular) and between the other cellulose macromolecules (intermolecular) as well. Therefore, the fibers are hydrophilic in nature, and their moisture contents can reach up to 3-13 % [7] , which is one of the reasons for the degradation of the fibers. As with most of the other plant-based natural fibers, cellulose forms the main structural components, lignin and hemicelluloses also play an important part in determining the characteristic properties of the fibers.
In spite of the good properties of the natural fibers, one difficulty that has prevented a more extended utilization of natural fibers is the lack of strong adhesion to most polymeric matrices [8] . Natural fibers are highly hydrophilic because of the presence of hydroxyl groups (OH) of anhydroglucose repeating units in the cellulose structure [9] . The hydrophilic nature of natural fibers adversely affects adhesion to a hydrophobic matrix, and as a result, there may cause a loss of strength. Natural fibers are covered with pectin and waxy substances, thus hindering hydroxyl groups from reacting with polar matrices and forming mechanical interlocking adhesion with non-polar matrices [10] . In order to remove non-cellulosic constituents to produce reactive hydroxyl groups for interacting with the polymers, the surface characterization of plant fibers need to be modified by chemical treatments [5, 11] . The surface treatments can increase the surface roughness of the fiber and also alter the crystalline structure of the cellulose as well as fiber tensile properties [9, 12] . The chemicals or coupling agents used hereby contain chemical groups where one group can react with the fiber and the other one with the polymer. The bonds are covalent and hydrogen bonds improve the interfacial adhesion [13] . In this study, the chemical surface treatment of jute fibers was carried out using benzene diazonium salt in an alkaline medium to improve interfacial adhesion between fiber and matrixes as well as to reduce the hydrophilic nature.
The matrix phase plays a vital role in the performance of polymer composites. Both thermosets and thermoplastics are attractive as matrix materials for composites. Thermoplastics offer many advantages over thermoset polymers, because of their low processing costs and design flexibility [14] . In thermoplastics, most of the work reported so far deals with polymers such as polyethylene, polypropylene, polystyrene, and polyvinylchloride. Among the synthetic polymers, polyethylene has been outstanding properties like low density, low cost, good flex life, good surface hardness, scratch resistance and excellent electrical insulating properties [15] . For thermoplastic composites, the dispersion of the fibers in the composites is also an important parameter to achieve consistency in the product. Thermoplastic composites are flexible and tough and exhibit good mechanical properties. Jute-polyethylene composite has been showed remarkable increase in mechanical properties [16] . As jute is abundantly available in Bangladesh, India and China, it is worthwhile to analyze the effect of the surface treatments of the jute fibers on the mechanical and environmental performance of the composites produced with polyethylene (PE) matrix. Now a day, nanoscale materials offer the opportunity to explore new behavior beyond those established in conventional materials. Various types of nanoparticles, including carbon nanofiber, carbon nanotube, nanoclay, and metal oxides have been used to improve the performance of composites. It has been established that the addition of a small amount of nanoparticle into a matrix can improve thermal and mechanical properties significantly without compromising the weight or processability of the composite [17] . Many researchers have used montmorillonite (MMT) nanoclay as filler in polymeric composites and their laminates for its low cost, availability, well-known intercalation/exfoliation chemistry, high surface area, and high surface reactivity [18, 19] . Nanoclay reinforced polymer composites and their laminates have excellent characteristics, including improved physical (dielectric, optical, permeability, and shrinkage), thermal (flammability, decomposition, coefficient of thermal expansion, and thermal stability), and mechanical (toughness, strength, and modulus) properties even at a very low filler loading. However, higher clay loading above a certain threshold value increases the viscosity of the matrix. A higher clay loading also increases the amount of air bubble during the mixing process. Therefore, an optimum amount of nanoclay will provide better properties as it is uniformly dispersed into the composite. It has been reported that the 4 % nanoclay infused composites showed considerable improvement in physico-mechanical properties compared to the 2 % and 3 % nanoclay infused composites as well as the conventional composites. On the other hand, the samples with 1 wt% nanoclay showed better mechanical properties compared to the 2 wt% nanoclay-loaded composite [19, 20] .
Therefore, in this study, 2 wt% of nanoclay (MMT) has been used as coupling materials. The effects of chemical treatment and nanoclay on the improvement of tensile properties of jute fiber reinforced polyethylene/clay nanocomposites have been investigated.
Experimental

Method and Materials
Materials Jute fibers (Corchorus olitorius) were collected from Bangladesh Jute Research Institute (BJRI), Dhaka, Bangladesh. The thermoplastic polymer PE granules, used as matrix material, were supplied by Siam Polyethylene Company Limited, Bangkok 10110, Thailand. It had specific gravity of 0.92 and melting temperatures of 105-115 o C. Chemicals used in this study were HCl (Merck, Germany), NaNO 2 (Merck, Germany), C 6 H 5 NH 2 (Merck, Germany), NaOH (Merck, India) and montmorillonite (MMT) clay surface modified with 25-30 wt% octadecylamine (Nanoclay, Nanomer ® I.30E) was supplied by Sigma-Aldrich (USA).
Chemical Treatment of Jute Fibers Benzene diazonium salt was synthesized by the standard diazotization method [21] . The reaction of benzene diazonium salt with cellulose or cellulose derivatives is known as the coupling reaction [22] . All oven-dried raw jute fibers were submerged in benzene diazonium salt solution (kept 5 o C) containing 5 % NaOH solution (to maintain pH=9) in a reaction vessel. The reaction mixture was stirred by glass rod occasionally. After completion of the reaction, the treated fibers were washed thoroughly in tap water and finally washed with distilled water. The treated fibers were first air dried and then oven-dried at 105 o C for 6 hours. The fibers were then chopped into 3 mm in length for composite fabrication.
Fabrication of Composites and Test Specimens
Both fibers were separately oven-dried at 70 o C for 24 hrs and then fibers mixed thoroughly with PE granules in different weight fractions based on fiber mass and then MMT was added in a fixed weight fraction (Table 1) . After desired weight fraction, the mixture was arrangred in a mould. The arrangement of the mixture plays a vital role to get a good composite. The molds are then placed onto hot press machine performing for 1 hrs at 180 o C and 6.90 MPa. The mould was then air cooled at room temperature and composite was taken out. The test specimens were prepared in different standard for the characterization of composites. 
Characterization
The following parameters have been conducted for the characterization of raw, treated jute fibers and nanocomposites.
The infrared spectra of the raw and treated jute fiber and resulting composites were recorded on a Shimadzu FTIR 81001 Spectrophotometer. The transmittance range of scan was 750 to 4000 cm -1 . The surface morphology of the manufactured composite was examined using a scanning electron microscopy (TM3030) supplied by JEOL Company Limited, Japan. The micrographs were taken from the fracture surface to study the interfacial adhesion between fiber, clay and polymer matrices. The samples were sputter-coated with gold and observed under the SEM. The micrographs were taken at a magnification of 500×.
Tensile tests were conducted according to ASTM standard [23] using a Universal Testing Machine (MSC-5/500, Shidmadzu Company Limited, Japan) at a crosshead speed of 5 mm/min. The dimension of the specimen was 115 mm×6 mm×3.1 mm. In each case, five specimens were tested and the average value was reported.
Results and Discussion
FTIR Analysis
FTIR spectra of the raw and treatment jute fiber, and also their nanocomposites are shown in Figure 1 from wave number 750 to 4000 cm -1 . The characteristic features of the spectrum of the jute are due to its constituent lignin, hemicelluloses and α-cellulose [24] . A broad absorption band in the region of 3200-3600 cm -1 is characteristic of hydrogen bonded O-H stretching vibration [25] , was common to all of the spectra. The O-H stretching vibration decreased due to the chemical treatment by benzene diazonium salt (BDS). The C-H stretching vibration of methyl and methylene groups in cellulose and hemicelluloses was observed near to wave number 2892 cm -1 . It decreased due to the surface modification in the presence of excess NaOH [26] . The band near 1746 cm -1 is assigned to the C=O stretching of the carboxyl and acetyl groups in hemicelluloses of the jute fiber that was prominent in raw jute fiber. This band became weak after BDS treatment, which is mainly due to the removal of acetyl group present in hemicelluloses [20] . The bands at 1646 and 1642 cm -1 indicated the absorbed water in crystalline cellulose [10] , and bands at 1505 and 1503 cm , were attributed to the presence of aromatic rings in lignin [27] . The absorption bands at 1360 and 1358 cm -1 , are assigned to C-H bending in hemicellulose and lignin [28] . After BDS treatment the water, lignin and hemicelluloses were removed from jute which indicates the hydrophilic nature of jute fibers were considerably reduced. It's indicated that the interfacial adhesion between the fiber and matrix was improved that reflect in the Figure 3 [29] . All of these, as stated above, confirmed the suggested chemical reaction as mentioned in Figure 2 . However, the IR spectrum of clay filled composites, the intensity of peaks corresponding to O-H and C=O had further decreased, while the peaks at 1620 cm -1 appeared after addition of nanoclay (MMT). These results confirmed the interaction of the clay particles with jute fibers and also with jute/PE composites [30] .
SEM Analysis
The interfacial bonding among the jute fiber, PE matrix and MMT nanofiller were investigated by SEM. SEM images of untreated and treated jute composite without and with nanoclay at 15 % fiber loadings are presented in Figure  3 . The figure clearly indicates that there was considerable difference in the interfacial interaction among them into the composite system. The SEM image of raw jute fiber/PE composite shows number of pullout traces of fiber with rough surfaces and micro-voids as well as agglomeration of the fiber in the PE matrix (Figure 3(A) ) [31] . This feature indicated that there was poor dispersion and weak interfacial bonding between the matrix and the fiber, which confirmed that the interfacial bonding between the filler and the matrix, was weak, whereas in the case of the treated jute/PE composite shows a better dispersion of filler throughout the matrix shown in Figure 3(C) . The strong interfacial bonding between the fiber and PE matrix is due to the chemical surface modification of raw jute fiber with the BDS [26, 32] . In addition of nanoclay, the considerable decreasing in fiber pullout was observed into the jute/PE nanocomposite that shown in Figure 3 (B) and Figure 3(D) . This might be due to the clay particles increased the interaction with PE matrix and jute fiber which resulted in less pull out of fibers from the fractured surface [33] . This resulted in better interfacial bonding among jute fiber, PE matrix and MMT nanofiller, as is reflected in the FTIR results. Therefore, it can be construed from the SEM micrographs that the chemical treatment as well as nanoclay enhanced the surface morphology of the composite which was also reflected in the improvement of mechanical properties of that shown in Figure 5 .
Tensile Properties
The tensile stress-strain curves of different fiber loaded composites shown Figure 4 . It can be observed that the curves exhibit linear response at a certain load and then those become nonlinear. However, the tensile strength (TS) and tensile modulus (TM) of the different fiber loaded composites shown in Figure 5 . It was observed that both the TS and TM increase continuously up to 15 % fiber loading and then decrease for further addition of jute fiber. The composition at 15 wt% jute content was taken to be the optimum composition. The effect of fiber loading on mechanical properties of composites may be explained by the homogeneity of fiber in composite and wettability of PE matrix. As the fiber content increases, the stress is more evenly distributed and the strength of the composites increases up to 15 wt% jute content that reflected in the Figure 4 . The composite exhibits a decreased value over the fiber content due to the fiber agglomeration [31] . At lower levels of fiber content, the composite shows poor mechanical properties due to poor fiber population and low load transfer capacity to one another. As a result, stress gets accumulated at certain points of the composites and highly localized strains occur in the matrix. At intermediate levels of loading, (15 wt%), the population of the fibers is just right for maximum orientation and the fibers actively participate in stress transfer. The optimum fiber content varies with the nature of fiber and matrix, fiber aspect ratio, fiber matrix interfacial adhesion, etc. [34] . The amount of PE would not be sufficient to diffuse thoroughly into jute fibers due to the decreasing trend in the mechanical properties of the composites at the higher level of jute content.
Significant improvement in tensile strength and modulus were found for treated composites compared to raw one. It was observed that at optimum fiber content (15 wt%), treated composites exhibited improvements in tensile strength and modulus by approximately 20 % and 37 % respectively over the raw composites. Whereas, the tensile strength and modulus of alkali treated jute biopol/clay nanocomposites exhibited improvements by 13 % and 17 % respectively over raw one from previous research [20] . This result indicates that fiber treatment with BDS was able to improve the fiber matrix interfacial adhesion, leading to better stress transfer efficiency from the matrix to the fiber and consequently improved mechanical properties [35] . The improvement of the fiber matrix interfacial adhesion is also evident from FTIR analysis described earlier.
In nanoclay-loaded composites, the nanoclay will have at least one dimension in the nanoscale and its uniform dispersion within the polymer matrix will facilitate the tremendous interfacial contacts between the polymer and inorganic/ organic filler. This adequate polymer-clay interfacial interaction allows the nanoclay to carry the major portion of applied load to the polymer matrix and polymer matrix to the fiber by bridging effect under stress conditions [36] . Thus, any enhancement in the polymer-clay interfacial contact leads to the better stress transfer in the nanoclay incorporated fiber reinforced polymer nanocomposite. In essence, a greater adhesion between the matrix and inclusion results in less debonding during the application of load. As a result, the tensile strength and modulus are found to be improved. Addition of nanoclay adversely affects the final properties of the composite but at high concentration of clay, nanoclay poorly dispersed inside the matrix forming platelet agglomerations which act as stress concentrators which in turn cause reduction in mechanical properties of the composite [37] . Thus, poor dispersion of more than 2 wt% of nanoclay is thought to lead to poor interface which will result in poor mechanical properties. Therefore, 2 wt% of nanoclay (MMT) have been used as filler in this work. It was observed that at optimum fiber content (15 %), composites with nanoclay exhibited improvements in tensile strength and modulus by approximately 8 % and 15 % respectively over the composites without nanoclay. However, the nanoclay incorporated composites showed significant improvements in the mechanical properties with respect to those without nanoclay. This is due to the greater adhesion between the matrix and the filler at the interface of the nanocomposite [38] . That is also evident from the FTIR and SEM study.
Conclusion
In the current work, jute fibers were chemically treated with benzene diazonium salt (BDS). The optimum content of jute fibers for obtaining overall improvement in tensile properties of the resultant nanocomposites was found to be 15 wt%. FTIR and SEM study showed a strong interaction among jute fiber, polyethylene and nanoclay. BDS treated jute fiber reinforced composites showed better tensile properties compared with untreated one and also nanoclay incorporated composites showed better improvement compare to without nanoclay loaded composites. Overall this work showed that chemical treatment with BDS and nanoclay loading can be easily used to improve the tensile properties of traditional natural fiber reinforced composite materials for structural applications.
